Abstract. This paper focuses on a photovoltaic generator feeding a load via a boost converter in a distributed PV architecture. The principal target is the evaluation of the efficiency of a distributed photovoltaic architecture powering a direct current (DC) PV bus. This task is achieved by outlining an original way for tracking the Maximum Power Point (MPP) taking into account load variations and duty cycle on the electrical quantities of the boost converter and on the PV generator output apparent impedance. Thereafter, in a given sized PV system, we analyze the influence of the load variations on the behavior of the boost converter and we deduce the limits imposed by the load on the DC PV bus. The simultaneous influences of 1-the variation of the duty cycle of the boost converter and 2-the load power on the parameters of the various components of the photovoltaic chain and on the boost performances are clearly presented as deduced by simulation.
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INTRODUCTION
The use of solar photovoltaic (PV) energy exponentially grows during the past decades. Two factors are encouraging the development of green energy. It concerns, 1-the countries energy policies that continue to subsidize its use and 2-the reduction of the greenhouse gases in order to fight against the pollution of the environment. Among other renewable energies, solar energy production increased to meet the needs of energy demand in power electricity, mainly by photovoltaic energy and in global warming, mainly by solar thermal energy [1, 2] . Concerning the PV energy, the adaption of voltage to the various levels of voltage concerned by the transport or the distribution at a wide or local levels, requires the integration between the PV plan and the grid of DC/DC boost converters associated to inverters when an AC grid is concerned. In the PV converters, the maximum power that can be converted is assumed by a maximum power point tracker, MPPT, based on dedicated algorithms currently integrated in a controller driving the power switch of the boost. This MPPT generates the ON/OFF of the switches, related to their operation duty cycle, in order to reach the MPP under real environmental conditions [3] [4] [5] [6] [7] [8] . For the transport of the PV energy with a high direct continuous voltage (HVDC) bus ranging between 100 to 1kV, a special topology of boost converter is required between the PV generator and the HVDC bus [9] [10] [11] [12] . For that purpose, several step-up converter architectures have been proposed in literature. In Refs. [13] [14] [15] converter is widely discussed in Refs. [16] [17] [18] [19] [20] [21] . Finally, in Refs. [22] [23] [24] [25] , the tapped inductor boost technique is developed and applied in several applications.
In the current contribution, we develop a new approach of MPPT that links the load powered by the boost to the apparent photovoltaic generator impedance. Thanks to simulation, we built a simple new adaptation impedance method by considering the apparent PV generator and the load impedances only. In the method, the influence of both the duty cycle and the load variations on the boost electrical quantities and the apparent impedance of PV generator are simulated. Figure 1 shows the basic PV system studied. In typical distributed architecture for PV production on a HVDC bus, this kind of system constitutes an autonomous block connected in parallel to the bus; in this case, the resistive load R ch is deported on the bus itself. This block is constituted by a photovoltaic generator (for actual practical simulation a module ESM 80s-125 was chosen [26] ) and a boost converter. To minimize the ripples at the input (V pv and Ipv), and at the output (Vs and Is), the boost parameters, i.e. the inductance (L) and capacities (Ce, Cs) are rigorously calculated [7, 8] , RL representing the internal resistance of the boost inductance. The output voltage is adjusted by varying the duty cycle by acting on the conduction time Tp of the boost. The MPPT algorithm ensures the duty cycle variation. Considering the continuous conduction-operating mode of the boost, the necessary condition to assume that the average voltage provided at the inductance terminals is zero at steady state imposes the input voltage as an average voltage across the power switch [6] , i.e.: ( 1 ) where, is the duty cycle of the switch control signal.
THE BASIC PV SYSTEM
Moreover, assuming that the power exchanged between the photovoltaic generator (PVG) and the load is maintained (without boost loses), one can write:
The combination between equations (1) and (2), leads to the following relationship between the electric currents from the PV module and the load:
When the boost is switched, during the period:
, one can express the input current ripples ΔI L of the current IL in the inductance as:
where, f is the switching frequency. Then, the minimum value of the output necessary capacitor Cs, to assume a fixed ripple rate of the output voltage, is expressed as ( 5 ) To enhance the output voltage, the output capacitor must verify: ( 6 ) Since, an inductor opposes sudden changes in the current, the ripple ∆V PV of the input voltage V PV is given by [11] :
This Eq. 7 can be rewritten in the following form:
So, to ensure a good input voltage ripple, the capacitor Ce must verify:
PROPOSED CRITERION FOR THE IMPEDANCE ADAPTATION
In the continuous conduction mode (CCM), the apparent resistance Rpv that appears on the photovoltaic generator output is expressed by:
This last equation leads to the load resistance: (11) Then, the expression of the duty cycle deduced of Eq. 11 becomes:
Since, the duty cycle α is always lower than unity and according to Eq. 12 one can conclude that the converter acts as a boost if the load resistor Rch verifies the following relation: R ch  R pv (13) Besides, when the illumination varies from 100 to 1000 W/m² at a fixed temperature of 25 °C, the optimum apparent resistance R opt of the commercial ESM80S-125 photovoltaic module varies from 51.56 Ω to 3.78 Ω. Therefore, the load resistance R ch must be greater than 51.56 Ω (3.78 Ω) for the same illumination levels. According
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to Eqs. 12 and 13, we deduce that the impedance adaptation between the photovoltaic generator and the load must be done by acting on the value of the duty cycle α. In fact, at optimal conditions and for a given Rch, the apparent resistance of the photovoltaic generator becomes R pv = R opt and the duty cycle becomes α = α opt . Finally, these two parameters will obey to Eq.12, thus becoming:
Finally, Eq. 14 proves that the MPP position moves according to the resistance value of the load R ch .
The Maximum Admissible Load of the Generator
As the solar PVG presents the minimum output impedance of the converter, it is necessary to estimate the maximum admissible load R smax . This minimum output impedance is achieved when the converter works with the maximum input power so with the maximum irradiation on the panel (1000 W/m2) generating an electric current equal to its maximum, i.e. 4.55 A in our experiment (see the PVG ESM80S-125 datasheet). This electric current corresponds to a voltage equal to 17.6V and a maximum power equal to 80W. Under these conditions, and in order to adapt this generator impedance to the maximum impedance of the load, the duty cycle value must be the largest possible achieving a value near 90%. The output current I s and the output voltage V s , when the boost operates at this value of duty cycle, are calculated as follows:
Within this couple current-voltage, as defined by the Eqs. 15 and 16, the maximum load impedance R smax is found equal to 500 Ω.
The Minimum Admissible Load of the Generator
Similarly to the calculation of the maximum admissible load presented in the previous section, the minimum admissible load R smin can be calculated when the photovoltaic generator is at its maximum output impedance, which is achieved when irradiation is at a minimum level (100 W/m2) generating an electric current at its minimum, i.e. 0.2663A in our experiments (see the PVG (ESM80S-125 datasheet). Therefore, this current level corresponds to a voltage equal to 13.7283V given a power equal to 3.6552W. In order to adapt the output impedance of the generator impedance with the minimum load, the duty cycle value must be at its lowest value (10%), which corresponds in the ideal case to the following output current Is and output voltage Vs, as follows: (17) (18) Consequently, the minimum load impedance Rsmin is found equal to 63.64 Ω.
Finally, as clearly described in Ref. [26] , and to assume a correct driving of the generator, the MPPT algorithm represented by Eq. 14 imposes that the load resistance R ch , remains located in the operation interval [R smin , R smax ]. Figure 2 shows the studied system circuit as implemented under Matlab/Simulink, considering the boost parameters as previously sized in Ref [26] . In order to reduce the simulation time, the boost is controlled by a pulse generator delivering a square wave of 10 kHz at variable duty cycle.
SIMULATION RESULTS
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The Maximum Power Point
The above described adaptation impedance criterion is used to reach the MPP of the PVG. For a fixed illumination level equal to 1000 W/m2, at fixed ambient temperature equal to 25 °C, and a fixed load R ch = 50 Ω. The optimum duty cycle is calculated according to Eq. 14 and its optimal value was found equal to α opt = 0.7250. The obtained simulation results are shown in Figs. 3, 4 , and 5. 030006-5 From the plots in Figs. 3 to 5, one can remark that the MPP is successfully reached thanks to the MPP algorithm. The difference of power values equal to 7 W between the output power Ps and the input power Ppv, is due to the boost converter losses (with simulation data corresponding to data indicated in the PVG ESM80S-12 characteristics and datasheet).
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Influence of Load and Duty Cycle Variations
We discuss in this section the influence of variations of both the load and the duty cycle of the converter on the boost electric responses (current, voltage, power) and on the PVG apparent resistance. Simulation results were reported in Figs. 6 to 9. Figure 6 shows that the current at the input, IPV of the boost converter passes through its threshold optimal value for a given duty cycle value α Th . The threshold value of the duty cycle, α Th increases with the series resistance, whereas, as attempted, the maximum delivered current decreases. In the studied range, α Th is equal to 0.5 for low load and go up to 0.8 for the maximum considered load, within a maximum I PV found around 5A. We notice that the effect of the adjustment of the duty cycle at αTh is clearly observed at the output of the generator, also proving that the PVG is well adapted to the load. Consequently, the maximum output current does not exceed 2.5A for low values of load being below 10 Ω. Of course, the duty cycle specific value αTh corresponding to the maximum of the voltage is also clearly evidences as in Fig. 6 with electric currents behaviors. When the duty cycle increases, the voltage at the PVG input decreases and the output boost voltage increases and reaches its maximum value, for a given load, at αTh and above αTh, the output voltage, corresponding to the DC bus voltage, hugely decreases. As shown in Fig. 8 , the resistance Rpv is very sensitive to duty cycle variations with a decrease described by Eq. 11 in 1/α 2 . In practice, due to the impossibility of variation of the duty cycle, these rapid changes of R pv limits the number of data points available for plotting the curves. 
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Finally, Fig. 9 clearly shows that for all the considered loads in the define range, the duty cycle moves up to αTh in order to reach the MPP. For an input PV power equal to 80W, the maximum delivered power is found around 65W but slightly decreases with the increase of the load resistor. Thus, for a given duty cycle, a decrease of the load resistance decreases the boost efficiency. Additionally, this observed behavior confirms the reliability of our chosen approach.
CONCLUSION
In this paper, a new analytical method is proposed for tracking the Maximum Power Point, MPP, of a distributed photovoltaic architecture system. A simple method based on the optimal PV apparent impedance, Rpvopt is used to calculate the optimum duty cycle in order to achieve rapidly the MPP. We have shown that with a simple Maximum Power Point Algorithm, high performances are obtained. In fact, all system responses follow practically their reference values according the MPPT strategy. Particularly, the output power at the load side is practically equal to maximum input power of the PVG according to its datasheet given in appendix. In addition, through this study, the upper and the lower limits of the load values are determined analytically in such a way that the boost operates in normal conditions. Finally, by considering the electric current, voltage, and power, especially the maximum power point, the boost performances are tested under simultaneous variation of the duty cycle and of the load in the operating range. Through simulation, it was shown that the efficiency of the boost is seriously degraded beyond 75% of the duty cycle and especially when the generator supplies low loads.
